Beta thalassemia is an autosomal recessive disorder characterized by reduced (β + ) or absent (β 0 ) beta-globin chain synthesis. In Lebanon it is the most predominant genetic defect. In this study we investigated the religious and geographic distribution of the β-thalassemia mutations identified in Lebanon, and traced their precise origins. A total of 520 β-globin chromosomes from patients of different religious and regional backgrounds was studied. Beta thalassemia mutations were identified using Amplification Refractory Mutation System (ARMS) PCR or direct gene sequencing.
Introduction
Beta thalassemia is an autosomal recessive disorder characterized by reduced (β + ) or absent (β 0 ) beta-globin chain synthesis (Weatherall & Clegg, 1981) . The disorder is manifested by severe hemolytic anemia, requiring a regular blood transfusion and iron chelation therapy. Beta thalassemia occurs with high frequency in areas endemic for malaria such as Mediterranean countries, Africa and Southeast Asia, where carriers of the disease are genetically protected against malaria and therefore selectively advantaged (Haldane, 1949) .
Although over 300 different mutations in the β-globin gene have been described (Huisman et al. 1997) , each population or ethnic group has been found to have its own characteristic set of mutations. Identification of both common and rare β-thalassemia mutations has proved essential for the implementation of screening and prenatal diagnosis programs. In addition, these mutations can be used as genetic markers to study the origin and spread of β-thalassemia genes, revealing historical relationships between populations.
In Lebanon, β-thalassemia is the most predominant genetic defect (Hamamy & Alwan, 1994) . Being located in the Eastern Mediterranean Basin, Lebanon is a crossroads between Europe, Asia and Africa, allowing settlement and intermingling of successive different racial groups throughout history. Consequently, a melting-pot of seventeen religious groups resides in Lebanon, with over three million inhabitants, contributing to its particular heterogeneity. There are two major communities: the Muslim community, mainly consisting of Shiites, Sunnis and Druze, and the Christian community, mainly consisting of Maronites, Greek Orthodox, Greek Catholics and Armenians. Intercommunity marriages are rare, whereas consanguineous marriages exceed 25% in certain groups (Klat & Khudr, 1986) , increasing the incidence of affected offspring.
Beta thalassemia carrier frequency is estimated to be between 2% and 3% in Lebanon (Cabannes et al. 1965 ). This frequency is highly variable according to religious groups, the highest being previously reported for the Sunnis, followed closely by the Shiites and then by the Maronites (Zahed et al. 1997) .
In the present report a total of 520 β-globin chromosomes from patients with different religious and regional backgrounds were studied, reflecting a wide spectrum of the population. The aims of this study were to investigate the religious and geographic distribution of the β-thalassemia mutations identified in Lebanon, and to trace their precise origins, in the hope of revealing some of the historical relationships that exist between the main Lebanese communities and their neighbours.
Materials and Methods

Subjects
We studied 255 β-thalassemia and 5 Sickle Cell/β-thalassemia patients receiving treatment at the Chronic Care Center in Lebanon, the country's only professional unit for the prevention and treatment of β-thalassemia. The patients included in the study were unrelated and information about their religious and geographic origin was noted.
DNA Preparation and Mutation Screening
DNA was extracted from peripheral blood leucocytes using salt precipitation (Miller et al. 1988) . The most frequent β-thalassemia mutations [− 88 (C>T) , − 87 (C>G), cd 5 (− CT), cd 8 (− AA), cd 29 (C>T), cd 30 (G>C), IVS-I-1 (G>A), IVS-I-6 (T>C), IVS-I-110 (G>A), cd 44 (− C), IVS-II-1 (G>A), IVS-II-745 (C>G)] were identified using the Amplification Refractory Mutation System (ARMS) (Bravo et al. 1999; Newton et al. 1989 ), a PCR technique based on allelespecific priming. The 25 bp deletion and 290 bp deletion were detected by gap PCR (Faa et al. 1992) . The β S mutation was studied by PCR amplification followed by digestion with the restriction enzyme Bsu36I. The remaining mutations were characterized by direct sequencing of the amplified DNA using an ABI Prism 310 genetic analyzer.
RFLP Haplotype Analysis
β-globin gene RFLP haplotypes were determined using PCR amplification of fragments containing seven polymorphic restriction sites around and within the ε-Gγ -Aγ -β-δ-β globin gene complex. Following digestion with the specific restriction enzymes (HincII 5 to ε, HindIII within Gγ and Aγ , HincII within and 3 to β, AvaII within β and HinfI 3 to β), samples were visualized by ethidium bromide staining after agarose or polyacrylamide gel electrophoresis. RFLP haplotypes were named according to Orkin et al. (1982) .
Phylogenetic Analysis
The frequencies of β-thalassemia mutations in Lebanese samples were used to derive a tree of population relationships. The programs GENDIST, SEQBOOT, NEIGH-BOR and CONSENSE of PHYLIP (Felsenstein, 1993) were used, with 100 bootstraps. Some populations were dropped from the analysis because of the small number of chromosomes.
Results
Mutational Analysis
Of the total 520 chromosomes investigated for β-globin gene mutations, only one remained unknown, even after β-globin gene sequence analysis. Twenty different β-globin mutations were identified, leading to both β 0 (thalassemia major) and β + (thalassemia intermedia)
phenotypes. The relative frequencies of mutant chromosomes are listed in Table 1 . All mutations have been previously reported in Lebanon (Chehab et al. 1987; Zahed et al. 1997) , except for the frameshift at cd 36/37 (− T). Six mutations accounted for 87% of the Lebanese β-thalassemia chromosomes; these were, in decreasing order of frequency, IVS-I-110 (G>A), IVS-I-1 (G>A), IVS-I-6 (T>C), cd 29 (C>T) and cd 5 (− CT).
Religious Distribution of β-Thalassemia Mutations
The frequency and distribution of β-thalassemia mutations by the various religious groups in Lebanon are presented in Figures 1 and 2 . Four hundred and eighteen (80%) of the mutant chromosomes were found in Muslim subjects: Shiites and Sunnis were predominant and represented 42% and 36% of all thalassemic patients respectively, whereas the Druze accounted only for 2.3%. While the Shiites were proportional in number to their representation in the Lebanese population, the Sunni thalassemics were over-represented as they account for 27% of the total population (census taken in 1985), and thus were considered to have the highest frequency of β-thalassemia in Lebanon. The Christians, with a total of 102 mutant chromosomes (20%), were represented mostly by the Maronites followed by Greek Orthodox.
Most heterogeneous was the Sunni group with 16 different mutations. The Mediterranean IVS-I-110 mutation was the most common, followed by IVS-I-6 and IVS-II-1. Two mutations seemed to be exclusive to this group, the Asian Indian IVS-I-5 (G>C) and the Mediterranean cd 8 (-AA), and these were not found in any other religious group in our study.
Thirteen different β-globin mutations were present in Shiite subjects. The cd 30 (G>C) mutation was exclusive to the Shiite group and all but two of the cd 29 mutations were found in this group.
For the Druze, a closed religious group, six mutations were found in 12 β-thalassemia chromosomes, of which one was apparently restricted: the rare β + promoter mutation C>T at position − 88. No major particularities were found among the Christian groups except for the IVS-I-6 mutation, which represented the most common mutation in the Greek Orthodox patients, but was detected in only 5 chromosomes in the Maronites. In addition, Christians were found to be relatively more homogeneous than Muslims in their β-globin mutation distribution; the Maronites, being the most heterogeneous group among Christians, had 7 different β-globin mutations. β-Thalassemia was studied in 260 patients. Most of these patients belong to the Shiite (41.9%) and Sunni (36.2%) religious groups, followed by the Maronite (11.9%), the Orthodox (5%), the Catholic and Druze with equal proportions (2,3%), and finally the Latin (0.4%).
Figure 2
Distribution of the most common β-thalassemia mutations within different religious groups. The diagram represents the most common mutations found in the 520 chromosomes studied. Some mutations are common to several groups, whereas others are specific to only one group.
β-Globin RFLP Haplotype Analysis
To determine the origin of mutant chromosomes within each religious group, RFLP haplotype analysis was performed on a number of patients from different geographic locations from each group. The association of β-globin RFLP haplotypes with the different mutations identified is presented in Table 2 . IVS-I-110 and IVS-I-1, found in all religious groups, occurred on the same RFLP haplotype background: I and V respectively. 
I cd 36/37 I cd 39 II IVS-I-6, also found in all religious groups, occurred on three different RFLP haplotype backgrounds: VI, VII and I, with frequencies of 88.2%, 7.8% and 3.9% respectively. IVS-I-6 haplotype VII was only found in Sunni and Shiite subjects, whereas IVS-I-6 haplotype I was only found in Sunnis and Greek Catholics. Three additional mutations were found to be linked to more than one RFLP haplotype: cd 29 was associated with RFLP haplotypes I (77.3%) and II (22.7%), cd 8 with RFLP haplotypes IV (88.9%) and VII (11.1%), and finally cd 44 with RFLP haplotypes IX (75%) and I (25%).
Geographic Distribution of β-Thalassemia Mutations
Although all religious groups reside in all parts of the country, each tends to cluster in a specific geographic region where they may have initially settled centuries ago: Shiites aggregate in the Bekaa and the South; Sunnis in Beirut and the North; Druze and Maronites in Mount Lebanon; and Greek Orthodox individuals are mainly concentrated in the North. Figure 3 displays the relative frequencies and distribution of β-thalassemia mutations within these 5 main geographic regions (Bekaa, South Lebanon, Beirut, North Lebanon and Mount Lebanon). The frequency of each mutation was remarkably altered within each geographic area. The IVS-I-110 mutation, which alone accounted for more than half of the mutant alleles in the South, was also the most frequent in the North and Mount Lebanon. In Beirut, IVS-II-1 was the most prevalent, and in the Bekaa area the predominant mutation was cd 29, with significantly higher frequencies than in any other region in the country. The South displayed the most heterogeneity but presented a region-specific highly prevalent mutation, the cd 30 mutation (14 chromosomes). Three rare mutations also seemed to be regionally restricted; these were the 290 bp deletion and the IVS-I-5 mutation within Beirut, and the C>T substitution at position − 88 within Mount Lebanon.
Phylogenetic Analysis
A population tree ( Orthodox, cluster together, as do the Sunni and Shiite Muslims. This reflects their similar β-thalassemia mutation frequencies. The Maronite and Druze populations are not significantly associated with either of these two clusters, or with each other. In the case of the Druze, with only 12 sampled chromosomes, this could be due to sampling error. The Maronite sample, with a much larger number of chromosomes, is more likely to represent the actual frequency of mutations in this population.
Discussion
Beta thalassemia is the most common genetic disorder in Lebanon, as in many Mediterranean countries. A previous report (Zahed et al. 1997 ) investigated the distribution of β-thalassemia mutations by religious communities and geographic regions; however, this report showed no notable religious and/or regional specificities, and was based on the analysis of a fairly small number of subjects.
In the present study we described a wider spectrum of β-thalassemia mutations in Lebanon by analyzing 520 β-globin chromosomes, and defined a scale of these mutations according to religion and geography. Twenty different β-thalassemia mutations were identified, of which the frameshift at cd 36/37 (− T) had never been reported before in Lebanon. In addition, four previously described (Chehab et al. 1987; Waye et al. 1994; Zahed et al. 1997 ) mutations have not been identified in our subjects; these mutations were the IVS-II-1 (G>T) substitution, the C>G substitution at position − 86, the T>A transversion at position -30, and finally the G>A change at cd 30. If these mutations are included, Figure 4 Neighbor-joining tree of Lebanese populations based on β-Thalassemia mutation frequencies. Nei genetic distances were used, and internal numbers show the confidence (number of times out of 100 in a bootstrap analysis) in the internal nodes. Scale of genetic distance is shown at bottom left.
the number of β-thalassemia mutations found in the Lebanese population is 24, reflecting an even more heterogeneous population than previously described.
Six of the 20 β-globin defects identified in our study accounted for more than 86% of all the β-thalassemia chromosomes. These included five of the common Eastern Mediterranean mutations (IVS-I-110, IVS-I-1, IVS-I-6, IVS-II-1 and cd 5) and the C>T substitution at cd 29. The latter mutation, first reported in two homozygous Lebanese patients (Chehab et al. 1987) , has been also identified in three chromosomes from Azerbaijan (Curuk et al. 1992) and two from former Yugoslavia (Dimovski et al. 1990 ). In the current study, 50 chromosomes were found carrying the cd 29 mutation, representing 9.6% of the total Lebanese β-thalassemic chromosomes, a frequency never observed anywhere else worldwide. This suggests that this mutation may have originated in Lebanon. Furthermore, since 48 of the 50 cd 29 chromosomes were found in Shiite patients, we could assume that this mutation may have arisen in this religious group; the remaining two cd 29 chromosomes found in Sunni patients may be the consequence of intermarriages occurring between these two Muslim communities. As for the cd 29 mutations encountered in Azerbaijan and former Yugoslavia, these may have been introduced by the recent and frequent migration of Lebanese Shiites to these countries.
A striking feature of this study was the high prevalence of patients homozygous for single β-thalassemia mutations, including rare mutations. Of the 260 subjects studied, 194 were true homozygotes (Table 1) , in spite of the high heterogeneity of β-thalassemia alleles described above. This considerable degree of homozygosity reflects the high consanguinity rate among the Lebanese population, reaching 40% in certain communities (Klat & Khudr, 1986) . This may be the result of religious and socio-cultural ethnic endogamy in the Lebanese population. Modern Lebanon is mainly composed of Arabs belonging to several religious endogamous societies, largely grouped into Muslims and Christians, and subsequently into Armenians, Kurds, Assyrians and other ethnicities. However, migration occurs between communities inside each main religion, but rarely between communities of different religions.
The distribution of β-thalassemia according to the different religious groups in this study correlated with the distribution of hemoglobinopathies in Lebanon. Sunni Muslims had the highest β-thalassemia carrier rates and presented the greatest heterogeneity with 16 different mutations. The Shiite Muslims followed closely with 13 mutations, whereas the Maronites, the predominant community of Christians, represented 11.9% of total β-thalassemic subjects and carried only 7 different mutations, of which six were common Mediterranean mutations.
This high mutational heterogeneity of Lebanese Muslims may partly be explained by their interaction with neighbouring Muslim countries for centuries, resulting in genetic admixture. Lebanese Sunni Muslims originate from Arab tribesmen who entered South Lebanon in the 7 th century AD after the Muslim conquest of Syria. In the 11 th century many were converted to the Druze faith, evolved in southeast Lebanon, and later filtered north into the southern Lebanese mountains.
At the end of the 11 th century Shiite Muslim groups from several areas migrated into Lebanon's northern Bekaa and later to the South. After expelling the Crusaders in 1187, Muslim Mamluks and then Ottoman Turks governed Lebanon and neighbouring countries until World War I. This Muslim dominion that lasted seven centuries in Lebanon, in addition to Muslim surroundings within and around Lebanon, isolated the Christian endogamous societies and consequently limited their genetic permeability. This is evidenced by the fact that only 3 mutations (IVS-I-110, IVS-I-1 and IVS-I-6) accounted for more than 90% of all Christian β-thalassemia chromosomes. Since the prevalence of these mutations (Table 3) is relatively similar to that observed in Macedonia and surrounding countries, which were under ancient Macedonian dominion, this may confirm the presumed Macedonian origin of certain Lebanese Christians. Christianity became deeply rooted in Lebanon during Byzantine sovereignty, which came after the Macedonian Greek and Roman periods, and lasted until their defeat in 630 AD. Maronites, the biggest Christian community in Lebanon, fled Syria in the 7 th century and migrated into the northern mountains of Lebanon absorbing the indigenous peasants.
The Druze are a relatively small Middle Eastern esoteric group, derived from Islam in the 11 th century; they evolved mostly in the Lebanese mountains, with smaller communities in northern Israel and southern Syria. They permit no conversion, either away from or into their religion, and no intermarriage. Thus they have lived as a closed religious group for centuries. Taking into consideration their long genetic isolation and the small number of patients, we anticipated a relatively homogeneous population with a limited number of mutations. Surprisingly, six different mutations were detected in a total of only twelve chromosomes from Druze extraction. One of these mutations, the − 88 substitution, seemed to be unique to this religious group. This unexpected diversity in the Lebanese Druze was however not observed among Israeli Jews (Filon et al. 1994) . The latter were found to carry only one mutation, the IVS-II-1 allele, which was not found in our Druze subjects.
As for the distribution of β-thalassemia by geographic regions, we found that the majority of our thalassemic patients originated from South Lebanon, the Bekaa plains and North Lebanon. Since malaria was reported to have spread mostly in these marshy regions (Fattoum et al. 1991 ) 5-(Bennani et al. 1994 6- (Rosatelli et al. 1992b ) 7-(Efremov et al. 1992 8- (Kattamis et al. 1990 ) 9-(Tadmouri et al. 1998 ) 10-(Baysal et al. 1992 ) 11-(el-Hazmi et al. 1995 12-(el-Kalla and Mathews 1993). (Rafie & Rafie, 1984; Taleb et al. 1964) , sparing Beirut and the central parts of the country and the mountains, these results might also explain the high prevalence of thalassemia among Muslims who reside in these areas, corroborating the fact that malaria-infested regions exhibit the highest frequencies of β-thalassemia.
Combining the geographic findings with the religious distribution of β-thalassemia mutations we found that the cd 30 mutation followed an interesting pattern among the Lebanese population. All 14 chromosomes carrying this mutation belonged to subjects from the Shiite community, originating from the same district (Bint Jbeil) in South Lebanon. In addition, the cd 30 mutation was found to be associated with haplotype IX in all 14 chromosomes. This marked example of clustering is probably due to a founder effect in a highly consanguineous community. As a result, the cd 30 mutation was found to be the second most common mutation in the South, and accounted for 9.7% of all β-thalassemia mutations in that region. Another example of a region-religion-specific mutation was the − 88 mutation, detected only within the Druze of Mount Lebanon.
The population tree shown in Figure 4 suggests that Greek Christian populations share similar distributions of β-thalassemia mutations as the Muslim groups. This could be due to a common geographic origin or substantial admixture. The latter explanation is unlikely, since all four groups are highly endogamous. Thus, it is more probable that the geographic origin of the populations (Greece in the case of the Christians, the Levant in the case of the Muslims) is reflected in their mutation frequencies. Interestingly, the Maronites, an ancient Levantine Christian population, have a mutation pattern more typical of the Sunni and Shiite Muslim populations. For instance, Maronites have detectable frequencies of the typically Levantine/Muslim -290, cd5 and cd7 mutations (none of which are found in the Greek Christians), as well as a very high frequency of IVS-I-110. They also, however, have a very high frequency of the IVS-I-1 mutation, which is more common in the Greek Christians. This mutation is found in Muslim populations as well, although at much lower frequencies. Overall, the Maronite pattern is consistent with a model in which this population is composed of typically Levantine markers whose frequencies have arrived at their current levels following a long period of endogamy, in agreement with the historical record.
When compared to other countries (Table 3) , the distribution and types of β-thalassemia mutations in Lebanon were found to be generally similar; a small number of mutations predominated and the most common ones were geographically the most widespread and theoretically the oldest. This was the case for the IVS-I-110 mutation, which represented 34.2% of all Lebanese thalassemic chromosomes. This mutation, possibly having an ancient Greek origin (Cao et al. 1989) , reached its highest frequency in Cyprus (77%) , and decreased along the North-East to SouthWest axis, and towards Eastern Asia. In contrast, the cd 39 mutation that has been suggested to have a Roman origin (Boletini et al. 1994) followed an opposite trend, reaching a frequency of 40% in Tunisia (Fattoum et al. 1991) and Italy (Rosatelli et al. 1992b) , and 96% in Sardinia (Rosatelli et al. 1992a) . Although Romans ruled Phoenicia (ancient Lebanon) from 64 BC until 395 AD, only one chromosome was found to carry the cd39 mutation. This could be explained by the limited impact of the Romans on the Phoenician population. In Lebanon the IVS-I-110 mutation may have been brought by the migratory Phoenicians, who colonized a large part of Cyprus by the 9 th century BC , or later after the conquest of Phoenicia by Alexander the Great in 333 BC and subsequent Macedonian dynasties . However, the possibility of a more recent introduction of the IVS-I-110 mutation by the Turks during the Ottoman occupation of Lebanon (16 th to early 20 th century) was invoked by Zahed et al. (2002) , and also argued by Bennani et al. (1994) and Perrin et al. (1998) in their studies of β-thalassemia distribution in Algeria. Although the Turkish settlement lasted for about 400 years in Lebanon, we believe it did not result in a substantial exchange of population because of the nature of the occupation, during which ethnic clustering became more stressed. The IVS-I-110 mutation may have been reintroduced in Lebanon by the Turks, but it is more likely to have a more ancient origin, since it is by far the most predominant mutation in Lebanon. Perrin et al. (1998) suggested that a possible spread of the IVS-I-110 mutation could have occurred from the Greeks or the Phoenicians after the colonization of several coasts and islands, but attributed the origin of this mutation to Anatolia, mainly because of the high degree of heterogeneity found in the genetic background of the IVS-I-110 mutation in the Turkish population. Indeed 4 IVS-I-110 RFLP haplotypes were found in Turkey (93.1% to haplotype I), 2 in Algeria (92% to haplotype I) (Zahed et al. 2002) , and only one RFLP haplotype (haplotype I) was found to be associated with the IVS-I-110 mutation in the current study. However, in two previous studies, 2 additional RFLP haplotypes (II and 12) were described associated with 1 and 3 IVS-I-110 Lebanese chromosomes respectively (Chehab et al. 1987; Zahed et al. 2002) , and 93% of the IVS-I-110 mutations were associated with haplotype I. Based on these results, and the fact that 6 sequence haplotypes were found to be associated with this mutation in the Turkish population (Tadmouri et al. 2001 ), a more extensive study of the genetic background of IVS-1-110 mutations, including sequence haplotypes, must be carried out in Lebanon in order to explain the origin as well as the spread of this mutation. In addition to IVS-I-110 and cd 39, two other common Mediterranean mutations were frequent in Lebanon: IVS-I-1 and IVS-I-6. These two mutations were present in all Eastern Mediterranean populations, with no unusual frequencies except for IVS-I-6, which accounted for almost half of the mutant chromosomes found in the West Bank (El-Latif et al. 2002) . However, this high frequency was explained by genetic drift occurring in an isolated and highly consanguineous population. In Lebanon, the IVS-I-6 mutation was found to be linked to RFLP haplotypes VI and VII, as in Israeli and Palestinian subjects, and also to RFLP haplotype I, which argues more in favour of an ancient Eastern Mediterranean origin. As for the IVS-I-1 mutation, it was found to be predominant in Hungary (Ringelhann et al. 1993) and Czechoslovakia , reaching a frequency of 29.4% and 45.2% respectively; thus it is possible that it may have originated in Eastern Europe. Interestingly, the IVS-II-1 mutation observed among Palestinians and Kurdish Jews in Israel was linked to different RFLP haplotypes than those found among the Lebanese population. In Lebanon this mutation was associated with RFLP haplotype III, whereas it was linked to RFLP haplotype I in Palestinians (El-Latif et al. 2002) and RFLP haplotype V in the Kurdish Jews (Filon et al. 1994) , suggesting three different paths of gene flow by migration. In Lebanon, the IVS-II-1 mutation may have been introduced by the Turks during the Ottoman rule (1516 ( -1920 , since the same RFLP haplotype has been described in Turkey and Northern Cyprus (Diaz-Chico et al. 1988) . The cd 5 mutation is an eastern Mediterranean mutation, relatively frequent in Lebanon and immediate surroundings. It was found to be associated with RFLP haplotype V in the Lebanese, and with RFLP haplotype III in Palestinians (El-Latif et al. 2002) , suggesting a different origin. The cd 37 mutation, also present in neighbouring countries, was not detected within the Lebanese population. This mutation was first observed in a Saudi Arabian patient (Boehm et al. 1986 ) and is most common in Israel and Jordan where it may have originated. The IVS-I-5 mutation is rare in the Mediterranean and found mainly in the Asian subcontinent on RFLP haplotype VII (Varawalla et al. 1992) . In a previous study (Chehab et al. 1987) this mutation was found to be linked to RFLP haplotype IX in a Lebanese homozygote, and thus was suggested to have a different origin. However, in our patients RFLP haplotype VII was found to be associated with this mutation, which may have been introduced, along with the cd 8/9 mutation, by recent migration from Southeast Asia or the Arabian Peninsula. As for the cd 8, cd 44 and cd 30 mutations, they probably originated from the Turks, Kurdish Jews and Tunisians, respectively.
The heterogeneity observed in the Lebanese thalassemic patients reflects the ethnic diversity of this population. Throughout history, Lebanon has been a land of migration for several civilizations that contributed to its genetic admixture. Traces of human existence in Lebanon date back to the Paleolithic period. Around 3000 BC , the Phoenicians arrived and settled in the land that became Phoenicia. Known as the merchants of the Levant, they extended their influence from the 2 nd millennium BC until the 8 th century BC by a series of settlements, from Anatolia to North Africa and South Spain, passing through several Mediterranean island, and therefore allowing racial admixture with local populations. Phoenicia was first penetrated and ruled by the Amorites and the Egyptians, then by the Assyrians, Babylonians, Persians and Macedonian Greeks. Afterwards, Phoenicia was incorporated into the Roman and then the Byzantine empires, until its conquest by Muslim Arabs in the 7 th century AD. Four centuries later Lebanon became a part of the crusaders' states, and was then re-conquered by the Egyptian Muslim Mamluks, followed by the Ottoman Turks until the French mandate after World War I. In addition, several immigrant groups displaced from their homelands, including the Palestinians, the Kurds and the Armenians, found refuge in Lebanon throughout the last century. These successive waves of people throughout history have, no doubt, contributed to the genetic diversity of the current Lebanese population.
Conclusion
Considering the high mutational heterogeneity observed in Lebanon, this study has provided useful information about the types and distribution of β-thalassemia mutations within each religious group and geographic region, thus allowing rapid detection of mutations in couples at risk, within the frames of prevention programs. In addition, this genetic diversity has proven to originate from both new mutational events and gene flow due to population migration.
